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(54) Toric multifocal lens having different astigmatism corrective optical powers in respective 
vision correction regions, and method of producing the same 



(57) A toric multifocal lens (10. 26) including a plu- 
rality of vision correction regions (12,14, 28, 30) having 
centers on a common optical center axis, the plurality of 
vision correction regions providing respective different 
values of a spherical optical power, each of the plurality 
of vision correction regions having an optical power for 
correction of astigmatism, wherein the improvement 



comprises: at least one of a cylindrical optical power and 
a cylindrical axis orientation which determine the optical 
power for correction of astigmatism being different in at 
least two different vision correction regions of the plu- 
rality of vision correction regions, so that the at least two 
different vision correction regions have respective dif- 
ferent values of the optical power for correction of astig- 
matism. 
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Description 

[0001 ] The present application Is based on Japanese 
Patent Application No. 10-98939 filed April 10, 1 998, the 
content of which is incorporated hereinto by reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present inventbn relates to a toric multi- 
focal lens and its related technique, which toric multifo- 
cal lens includes a plurality of vision correction regions 
that provide respective different values of astigmatism 
corrective optical power, the respective vision correction 
regions having different values of spherical optical pow- 
er. In particular, the present invention Is concerned with 
such a toric multifocal lens suitably used as an ophthal- 
mic lens such as a contact lens or an intraocular lens, 
for correcting a lens wearer's vision which is deteriorat- 
ed due to decreasing accommodation of the eye, and 
for correcting astigmatism. The present invention is also 
concerned with a method of producing the toric multifo- 
cal lens, and a cutting apparatus used for cutting a lens 
blank to form the toric multifocal tens. 

Discussion of the Related Art 

[0003] As disclosed in JP-A-57-105717, USP No. 
4,636,049, JP-A-61 -272717. USP No. 4,752,123, and 
USP No.5,422.687, a multifocal lens Is known as an 
ophthalmic lens used for an eye with decreasing accom- 
modation due to presbyopia, or removal of a crystalline 
lens of the eye. The disclosed multifocal lens includes 
a plurality of vision correction regions whose centers are 
aligned with a common optical axis and which provide 
respective different values of spherical optical power. In 
addition to improve the decreasing accommodation of 
the eye, for the purpose of correcting astigmatism which 
results from distortion of the shape of the cornea or the 
crystalline lens, there is known a toric multifocal lens as 
disclosed in US Patent Nos. 4.580.882. 5.100,226. 
5,805,260 and 5.847.802, wherein a plurality of vision 
correction regions having respective different values of 
spherical optical power include a toric portion for provid- 
ing a suitable optical power for correction of astigma- 
tism. 

[0004] The optical power for correction of astigma- 
tism, i.e., astigmatism corrective optical power, is deter- 
mined based on a degree of astigmatism and an astig- 
matic axis of the eye of the patient. It is generally con- 
sidered that an eye has a constant astigmatic degree 
and a single astigmatic axis. Accordingly, in the conven- 
tional toric multifocal lens, a cylindrical optical power 
and a cylindrical axis orientation which detemnine the 
astigmatism corrective optical power of the lens are 
made constant throughout the plurality of vision correc- 
tion regions, corresponding to the astigmatic degree 



and astigmatic axis of the eye to be corrected. In partic- 
ular, the cylindrical optical power and the cylindrical axis 
orientation of the conventional multifocal lens are usu- 
ally detemnined on the basis of only the astigmatic de- 

s gree and the astigmatic axis measured in a distant-view- 
ing condition of the patient's eye. 
[0005] The above-described conventional toric multi- 
focal lens is, however, unsatisfactory to some patients 
whose eyes suffer from presbyopia as well as astigma- 

10 tism, even when the conventional toric multifocal lens 
has a suitably determined spherical optical power for 
correction of presbyopia and a cylindrical optical power 
for correction of astigmatism. In particular, the conven- 
tional toric multifocal lens whose cylindrical optical pow- 

75 er is determined on the basis of only the astigmatic data 
obtained in the distant-viewing condltton does not as- 
sure a sufficiently high degree of visual acuity of the near 
objects, and the lens wearer undesirably feels an eye 
fatigue. Thus, the conventional toric multifocal lens is 

20 not capable of assuring sufficiently effective presbyopia 
and astigmatism correction performance with high sta- 
bility. 

[0006] As a result of a recent study in the field of the 
ophthalmic optics, it is found that the astigmatic condl- 

2S tion in the eye (i.e., the astigmatic degree and the astig- 
matic axis) varies with various factors of the eye such 
as a change of the shape of the crystalline lens, which 
change change takes place due to a change in a dis- 
tance from the wearer's eye to the desired object, name- 

so ly, when the wearer's vision is shifted from the near ob- 
jects to the distant objects, or vise versa, and due to a 
change of the diameter of the pupil, for Instance. The 
inventors of the present invention made an extensive 
study based on the above findings, and found it effective 

35 to take into account the above-indicated changes in the 
astigmatic degree and axis, in determining the optical 
performance of the toric multifocal lens to be obtained 
for improving the accommodation of the eye decreased 
due to presbyopia, and for correcting astigmatism. 

40 

SUMMARY OF THE INVENTION 

[0007] It Is therefore a first object of the present inven- 
tion to provide a toric multifocal lens having an improved 

45 Structure, which toric multifocal lens assures the wearer 
of improved visual acuity and a good wearing comfort 
without causing an eye fatigue as felt by the wearer 
[0008] It is a second object of the present invention to 
provide a method of producing the toric multifocal lens 

50 with such a novel structure. 

[0009] It is a third object of the present Invention to 
provide a cutting apparatus which permits easy produc- 
tion of the toric multifocal lens. 
[0010] It is a fourth object of the present invention to 

55 provide a method of determining a cylindrical optical 
power and a cylindrical axis orientation for correction of 
astigmatism In the tork: multifocal lens. 
[0011] According to a first aspect the Invention pro- 
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vides a toric multifocal lens including a plurality of vision 
correction regions having centers on a common optical 
center axis, the plurality of vision correction regions pro- 
viding respective different values of a spherical optical 
power, each of the plurality of vision correction regions 
having an optical power for correction of astigmatism, 
wherein the improvement comprises: at least one of a 
cylindrical optical power and a cylindrical axis orienta- 
tion which determine the optical power for correction of 
astigmatism being different in at least two different vi- 
sion correction regions of the plurality of vision correc- 
tion regions, so that the at least two different vision cor- 
rection regions have respective different values of the 
optical power for correctbn of astigmatism. 
[001 2] The toric mu Itif ocal lens constructed according 
to the above first aspect of the invention includes a plu- 
rality of vision correction regions having respective dif- 
ferent values of the spherical optical power, so that the 
present toric multifocal lens is capable of effectively cor- 
recting a lens wearer's vision deteriorated by the de- 
creasing accommodation of the eye which results from 
the presbyopia or the removal of the crystalline lens of 
the eye. Thus, the present lens assures clear viewing of 
the objects at a plurality of desired distances, in other 
words, assures clear viewing of the objects over a rela- 
tively wide range of their distance from the eye. In addi- 
tion, the present toric multifocal lens corrects astigma- 
tism owing to the astigmatic corrective optical power giv- 
en thereto. 

[0013] In the present toric multifocal lens, the cylindri- 
cal optical power and the cylindrical axis orientation for 
correction of astigmatism are made different in the dif- 
ferent vision correction regions. That is, the cylindrical 
optical power and the cylindrical axis orientation are de- 
termined depending upon the different astigmatic con- 
ditions in the eye corresponding to the different vision 
correction regions. Accordingly, the present toric multi- 
focal lens can advantageously correct astigmatism of 
the patient's eye with high stability, Irrespective of 
changes In the distance from the wearer's eye to the 
objects to be obsen/ed through the plurality of the vision 
correction regions. Accordingly, as compared with the 
conventional toric multifocal lens having a single astig- 
matism corrective optical power, the present toric multi- 
focal lens effectively assures a high degree of acuity of 
viewing through the plurality of vision correction regions 
having respectively determined mutually different cylin- 
drical optical powers and cylindrical axis orientations. 
Further, the present toric multifocal lens is effective to 
reduce the eye fatigue as felt by the wearer 
[0014] The principle of the present invention is appli- 
cable to an intraocular lens implanted in the eye, as well 
as a contact lens placed on the cornea such as a soft 
contact lens or a hard contact lens. The present toric 
multifocal lens can be used as an astigmatic correction 
lens applicable to the eye suffering from simple astig- 
matism, complex astigmatism, mixed astigmatism or ir- 
regular astigmatism. The toric multifocal lens according 



to the present invention can be used as a translating 
vision type lens wherein the vision correction regions 
with the different optical powers are selectively and al- 
ternatively used as needed with a shift of the visual axis 

s of the lens wearer. The present toric multifocal lens can 
also be used as a simultaneous vision type lens wherein 
the vision correction regions with the different optical 
powers are simultaneously used irrespective of the shift 
of the visual axis of the eye. The optical center axis of 

10 the present toric multifocal lens with which the centers 
of the plurality of vision correction regions are aligned 
may be coaxial with a geometrical center axis of the 
lens. Alternatively the optical center axis of the lens may 
be offset from the geometrical center axis of the lens, 

IS by taking account of the position of the center of the pupil 
of the eye, the wearing condition of the lens, and also 
the shift of the visual axis in the translating vision type 
lens. 

[0015] In the present toric multifocal lens having the 

20 two or more vision correction regions for achieving the 
Intended vision correction performance depending on 
the condition of the eye on which the lens is worn, the 
values of the spherical optical power provided by the re- 
spective vision correction regions need not be constant. 

25 For instance, the toric multifocal lens may be arranged 
to have an intermediate vision correction region which 
is provided between a near vision correction region hav- 
ing a near-vision spherical optical power and a distant 
vision correction region having a distant-vision spherical 

30 optical power. In this case, the intermediate vision cor- 
rection region may have a spherical optical power which 
continuously varies from the spherical optical power of 
one of the near and distant vision correction regions to 
that of the other vision correction region, 

35 [0016] The cylindrical optical power and the cylindri- 
cal axis orientation which determine the astigmatic cor- 
rective power of the present toric multifocal lens are in- 
dices conventionally used in the field of the ophthalmic 
lens to treat the astigmatism. The optical characteristics 

40 of the astigmatic correction lens are usually determined 
by a combination of the cylindrical optical power, the cy- 
lindrical axis orientation and the spherical optical power. 
When the toric multifocal lens has three or more vision 
correction regions having respective different values of 

45 the spherical optical power, at least two regions of the 
three or more vision correction regions have respective 
different values of the cylindrical optical power and the 
cylindrical axis orientation, depending upon the condi- 
tion of the eye on which the toric multifocal lens is worn. 

so Described more specifically, in the above-described 
present toric multifocal lens having the three vision cor- 
rection regions (near, intermediate and distant vision 
correction regions), for instance, at least one or both of 
the cylindrical optical power and the cylindrical axis orl- 

55 entation in the near vision correction region is/are made 
different from the corresponding one or ones of the cy- 
lindrical optical power and/or the cylindrical axis orien- 
tation in the distant vision correction region. 
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[001 7] In a first preferred form of the above first aspect 
of the present invention, the toric multifocal lens in- 
cludes positional stabilization means for maintaining the 
predetermined circumferential orientation of the lens on 
the cornea of a wearer's eye. According to this arrange- 
ment, the lens can be suitably and easily placed in po- 
sition on the eye such that the cylindrical axis of the lens 
is aligned with the astigmatic axis of the wearer's eye, 
so that the present toric multifocal lens achieves excel- 
lent astigmatic correction. As the positional stabilization 
means, any known suitable structures may be em- 
ployed. For instance, the lens may have a prism ballast 
structure wherein the gravity center of the lens is located 
at a relatively lower portion thereof. Alternatively, the 
lens may have a dynamic stabilization structure wherein 
the upper and lower portions of the front surface of the 
lens are partly removed to reduce the thickness at those 
portions, so that the lens has inclined surfaces (gener- 
ally called slab-off areas) at the upper and lower por- 
tions. Further, the lens may have a truncated structure 
wherein the lower bottom portion of the lens is removed 
to provide a flat face perpendicular to the axis of the lens, 
more precisely, in the horizontal direction when the lens 
is placed on the eye. 

[0018] In the toric multifocal lens according to the 
present invention, one of its opposite surfaces may be 
a part-spherical surface consisting of a plurality of con- 
centric annular portions which have respective different 
curvatures giving the respective different spherical op- 
tical powers, while the other surface may be a toric sur- 
face giving different astigmatism corrective optical pow- 
ers. In a second preferred form of the above first aspect 
of the present Invention, however, an optical portion of 
one of opposite surfaces of the lens has a part-spherical 
concave profile following that of the cornea, while an op- 
tical portion of the other surface has an aspherical con- 
vex profile which gives the respective different values of 
the spherical optical power in the plurality of vision cor- 
rection regions and the respective different values of the 
astigmatism corrective optical power in the at least two 
different vision correction regions. This arrangement im- 
proves the wearing condition of the lens on the cornea 
surface, so that the lens has an excellent astigmatic cor- 
rection capability. Further, this arrangement is effective 
to prevent the lens, in particular the hard contact lens, 
from being adversely influenced by the tear liquid exist- 
ing between the back surface of the lens and the cornea 
surface, whereby the lens exhibits an intended correc- 
tion effect with high stability. In addition, in the toric multi- 
focal lens constructed according to the above second 
form of the first aspect of the invention, the optical por- 
tion of the above-indicated one surface of the lens has 
the part-spherical concave profile following that of the 
cornea, to thereby permit easy formation of that surface 
by a cutting operation, resulting in improved production 
efficiency of the lens. 

[0019] In a third preferred form of the above first as* 
pect of the present invention, the toric multifocal lens 



includes toric portions provided on opposite surfaces 
thereof and cooperating with each other to provide the 
respective different values of the optical power for cor- 
rection of astigmatism in the at least two different vision 

s correction regions of the plurality of vision correction re- 
gions. In this arrangement, for instance, one of the op- 
posite surfaces of the lens has a toric portion having a 
constant cylindrical optical power and a single cylindri- 
cal axis orientation throughout the plurality of vision cor- 

10 rection regions, while the other surface has a toric por- 
tion with a constant cylindrical optical power and a single 
cylindrical axis orientation in a selected vision correction 
region or regions, which cylindrical optical power and 
cylindrical axis orientation are different from those of the 

IS toric portion of the above-indicated one surface of the 
lens. The thus formed opposite surfaces of the toric 
multifocal lens cooperate with each other to provide the 
astigmatism corrective optical powers which are differ- 
ent In the at least two different vision correction regions. 

20 This eliminates local changes of the cylindrical optical 
power and the cylindrical axis orientatk>n in the above- 
Indicated one surface of the lens having the constant 
cylindrical optical power and the single cylindrical axis 
orientatbn which are constant throughout the plurality 

25 of the vision correction regions, to thereby facilitate the 
production of the lens by a cutting operation. 
[0020] Alternatively, the opposite surfaces of the lens 
rr^y have toric portions in different vision correction re- 
gions. In this case, at least one of the cylindrical optical 

30 power and the cylindrical axis orientation of one toric 
portion is made different from the corresponding at least 
one of the cylindrical optical power and the cylindrical 
axis orientation of the other toric portion, to thereby pro- 
vide respective different astigmatism corrective optrcal 

35 powers in the at least two vision correction regions. Ac- 
cording to this arrangement, it is not necessary to 
change the cylindrical optical power and the cylindrical 
axis orientation in the vision correction regions on both 
surfaces of the lens, resulting in easy productbn of the 

40 lens. Further, if the toric portion formed on one surface 
of the lens is combined with another toric portion formed 
on the other surface as described above, the lens can 
provide a relatively large cylindrical optical power with 
a simple structure, manner. 

-^5 [0021] According to a second aspect the invention 
provides a method of producing the toric multifocal lens 
as defined in the above first aspect of the invention, by 
moving a cutting tool to effect a cutting operation on a 
surface of a lens blank while the lens blank is rotated 

so about an axis (L) of rotation thereof, such that the cutting 
tool is moved about an arc center axis (Q, Q') whk:h is 
perpendicular to the axis of rotation of the lens blank, 
so that the cutting tool Is moved in a plane (X-Y) per- 
pendicular to the arc center axis, along a circular arc 

55 having a center on the arc center axis (Q, Q'), the meth- 
od comprising: moving the lens blank such that an op- 
tical center axis (O, O') of the lens blank being recipro- 
catlngly moved in an offset direction relative to the axis 
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(L) of rotation of the lens blank by a predetermined offset 
distance (e) at angular inten^al of 90** about the axis of 
rotation while the lens blank is rotated about the axis of 
rotation; moving the cutting tool along at least two cir- 
cular arcs (60, 61 ) in the plane; and determining at least s 
one of the offset distance and the offset direction of the 
lens blank, and a radius (r, r') of each of the at least two 
circular arcs, depending upon an angle (6, e') of rotation 
of the cutting tool in the plane (X-Y) about the arc center 
axis (Q, Q'). 

[0Q22] In effecting the cutting operation on a surface 
of the lens blank according to the present method, the 
lens blank is reciprocatingly moved as described above 
relative to the rotation axis thereof, so that the obtained 
lens has the cylindrical optical power corresponding to 
the offset distance of the tens blank relative to its axis 
of rotation. Further, the cylindrical axis orientation of the 
lens is determined depending upon the offset direction 
of the lens blank. In addition, the spherical optica! power 
values of the lens are suitably determined depending 
upon the radii of the circular arcs along which the cutting 
tool is moved. In this arrangement, by determining the 
radius of each circular arc path taken by the cutting tool 
depending upon the angle of rotation of the cutting tool 
about the arc center axis in the plane perpendicular to 
the axis of rotation of the lens blank, the plurality of vi- 
sion correction regions having respective different val- 
ues of the spherical optical power are coaxially formed 
on the machined lens surface, and the plurality of vision 
correction regions have respective different cylindrical 
optical powers and cylindrical axis orientations, by 
changing the offset distance and/or the offset direction 
of the lens blank with respect to its rotation axis thereof. 
[0023] The present method permits the formation of 
the desired lens surface by a single cutting operation on 
the lens blank, which lens surface provides the respec- 
tive different spherical optical power values in the plu- 
rality of concentric vision correction regions, and the re- 
spective different astigmatic corrective optical power 
values in the at least two different vision correction re- 
gions. Thus, the intended toric multifocal lens as de- 
scribed above can be easily produced according to the 
present method. 

[0024] According to a third aspect the invention pro- 
vides a cutting apparatus for producing a toric multifocal 
lens as defined in the above first aspect of the invention, 
the apparatus comprising: a lens blank holder for rotat- 
ably holding a lens blank about an axis (L) of rotation 
thereof, such that an optical center axis (O, O') of the 
lens blank is reciprocatingly movable in an offset direc- 
tion relative to the axis of rotation of the tens blank by a 
predetermined offset distance (e) at angular interval of 
90' about the axis of rotation while the lens blank is ro- 
tated about said axis of rotation; a cutting tool feeding 
device for holding a cutting tool for effecting a cutting 
operation on a surface of the lens blank while the lens 
blank is rotated by the lens blank holder about the axis 
of rotation thereof, the cutting tool feeding device hold- 



ing the cutting tool such that the cutting tool is movable 
about at least two arc center axes (Q, Q') perpendicular 
to the axis of rotation of the lens blank, in a plane (X-Y) 
perpendicular to the arc center axes, along respective 
at least two circular arcs having centers on the at least 
two arc center axes, respectively; and a control device 
for controlling at least one of the offset distance and the 
offset direction of the tens blank, and a radius (r. r') of 
each of the at least two circular arcs, depending upon 
an angle of rotation of the cutting tool in the plane (X-Y) 
about the arc center axes. 

[0025] In the cutting apparatus constructed according 
to the above third aspect of the present inventton where- 
in the cutting tool for effecting the cutting operation on 
the lens blank is moved by the cutting tool feeding de- 
vice while the lens blank held by the lens blank holder 
is rotated about the axis of rotation thereof, one of the 
opposite surfaces of the lens blank is subjected to a cut- 
ting operation to provide the intended lens surface. In 
this cutting operation, the radius of each of the at least 
two circular arcs abng which the cutting tool is moved 
is controlled by the control device depending upon the 
angle of rotation of the cutting tool about the correspond- 
ing arc center axis in the plane perpendicular to the ro- 
tation axis of the lens blank. Accordingly, the plurality of 
vision correction regions having respective different 
spherical optical powers are coaxially f omried on the ma- 
chined surface of the lens blank, to thereby provide the 
intended lens surface, and the thus formed plurality of 
vision correction regions can have respective different 
cylindrical optical powers and respective different cylin- 
drical axis orientations, by changing the offset distance 
and/or the offset direction of the lens blank with respect 
to the rotation axis by means of the control device. 
[0026] The present cutting apparatus constructed as 
described above is advantageously used in the above- 
described method of producing the toric multifocal lens. 
Further, the present cutting apparatus permits the for- 
mation of the intended lens surface by a single cutting 
operation, which lens surface has the respective differ- 
ent spherical optical powers in the plurality of concentric 
vision correction regions, and the respective different 
astigmatism corrective optical powers in at least two dif- 
ferent vision correction regions of the plurality of vision 
correction regions. Accordingly, the cutting apparatus 
constructed according to the present invention assures 
easy manufacture of the above-described toric multifo- 
cal lens of the present invention. 
[0027] According to a fourth aspect the invention pro- 
vides a method of determining an optical power for cor- 
rection of astigmatism In a toric multifocal lens as de- 
fined in the above first aspect of the present invention 
Including a near vision correction region and a distant 
vision correction region, the optical power for correction 
of astigmatism being determined by a combination of a 
cylindrical optical power and a cylindrical axis orienta- 
tion, the method comprising: detennining the cylindrical 
optical power and the cylindrical axis orientation in the 
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near vision correction region based on astigmatic data 
on an eye of a wearer of the toric nnuttifocal lens meas- 
ured during viewing of near objects, and determining tlie 
cylindrical optical power and the cylindrical axis orien- 
tation in the distant vision correction region based on 
astigmatic data on the eye measured during viewing of 
distant objects. 

[0028] According to the present method described 
above, the cylindrical optical powers and the cylindrical 
axis orientation of the lens are determined based on the 
astigmatic conditions of the eye measured during view- 
ing of the near objects and during viewing of the distant 
objects, respectively. In the present method, the astig- 
matic corrective optical power Is suitably determined for 
each of the near and distant vision correction regions, 
by taking account of different astigmatic conditions of 
the eye which result from various factors of the eye such 
as a change of the shape of the crystalline lens, which 
change takes place due to a change In a distance from 
the wearer's eye to the desired object when the wearer's 
line of vision is shifted from the near objects to the dis- 
tant objects, or vise versa, and a change of the diameter 
of the pupil. According to the present method, the toric 
multifocal lens advantageously exhibits an intended as- 
tignr^tic correction effect so as to meet various astig- 
matic conditions of the individual lens wearers, to there- 
by correct astigmatism with high stability. Thus, the toric 
multifocal lens whose astigmatic corrective powers are 
suitably determined according to the present Invention 
assures a considerably improved viewingacuity through 
both of the near and distant vision correction regions, 
and a effectively reduced eye fatigue as felt by the lens 
wearers, as compared with the conventional toric multi- 
focal lens which has a single astigmatic corrective opti- 
cal power determined based on only the astigmatic con- 
dition of the eye measured during viewing of the distant 
objects. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] The above and optional objects, features, ad- 
vantages and technical significance of the present in- 
vention will be better understood by reading the follow- 
ing detailed description of presently preferred embodi- 
ments of the invention, when considered in conjunction 
of the accompanying drawings, in which: 

Fig. 1 is a perspective view of a toric multifocal lens 
in the fomi of a presbyopia correction contact lens 
constructed according to a first embodiment of the 
present invention; 

Fig. 2 is a plan view of the presbyopia correction 
contact lens of Fig. 1 ; 

Fig. 3 is an elevational view in cross section of the 
presbyopia correction contact lens of Fig. 1 ; 
Fig. 4 is a perspective view of a toric multifocal lens 
In the form of a presbyopia correction contact lens 
constructed according to a second embodiment of 



the present invention; 

Fig. 5 is a plan view of the presbyopia correction 
contact lens of Fig. 4; 

Fig. 6 Is an elevational view In cross section of the 
5 presbyopia contact lens of Fig. 5; 

Fig. 7 is a front elevational view schematically 
showing a cutting apparatus according to the 
present invention used for forming the toric multifo- 
cal lens of the present Invention; 
10 Fig. 8 is a top plan view of the cutting apparatus of 
Fig. 7; 

Fig. 9 is a view explaining a cutting operation effect- 
ed by the cutting apparatus of Fig. 7 for forming a 
part-spherical toric lens surface; 
Fig. 1 0 is an elevational view showing one example 
of a lens blank holder used in the cutting apparatus 
of Fig. 7, which holder permits the cutting operation 
on the lens blank such that the optical center axis 
of the lens to be obtained is offset from the geomet- 
rical center axis of the lens; 
Fig. 11 is a view explaining a cutting operation ef- 
fected by the cutting apparatus of Fig. 7 for forming 
a toric lens surface; and 

Figs. 12 and 13 are views explaining a cutting op- 
eration effected by the cutting apparatus of Fig. 7 
for forming the toric lens surface. 

DETAILED DESCRIPTION OF PRESENTLY 
PREFERRED EMBODIMENTS 

[0030] Referring first to Fig. 1 , there is shown a toric 
multifocal lens in the form of a presbyopia correction 
contact lens 10 constructed according to a first embod- 
iment of the present invention. Fig. 1 is a perspective 
front view of the contact lens 10 showing its front sur- 
face, while Figs. 2 and 3 are a plan view and a cross 
sectional view of the contact lens 10, respectively. The 
presbyopia correction contact lens 1 0 of the present em- 
bodiment Includes, at a substantially central portion 
thereof, a circular near vision correction region 12 hav- 
ing a diameter D (Fig. 3), and an annular distant vision 
corr6ctk)n region 1 4 surrounding the near vision correc- 
tion region 12 and having a width B (Fig. 3). The near 
and distant vision correction regions 12, 14 cooperate 
with each other to constitute an optical zone which ex- 
hibits an intended vision correction performance. An an- 
nular portion 16 located radially outwards of the distant 
vision correction region 14, in other words, the radially 
outermost portion 16 of the contact lens 10 is a non- 
optical zone which does not have any optical vision cor- 
rection effect. 

[0031] The contact lens 10 of this embodiment is a 
simultaneous vision type lens, wherein the optical por- 
tions of both of the near and distant vision correction 
regions 1 2, 1 4 are simultaneously used In observing the 
desired object, and a clearer image obtained through 
one of the two vision correction regfons 12, 14 is select- 
ed by an action of the lens wearer's brain. 
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[0032] As shown in Fig. 2, the near and distant vision 
correction regions 12, 14 have a common optical center 
axis O which is offset from a geometrical center axis P 
of the lens 10, which is a center of a circle defined by 
the periphery of the lens 1 0 (periphery of the outermost s 
portion 16). The optical center axis O is offset from the 
geometrical center axis P in an upward direction as seen 
in Fig. 2 by a predetermined distance E. This offset dis- 
tance E is suitably determined as needed by taking ac- 
count of the position of the center of the pupil of the 
wearer's eye. The optical center axis O may be offset 
from the geometrical center axis P also in a horizontal 
or lateral direction of the lens 10, for example, toward 
the nose of the wearer when the lens 10 is worn on the 
eye. 

[0033] The presbyopia correction contact lens 1 0 has 
a concave back surface 1 8 corresponding to a front sur- 
face of the cornea of the wearer's eye. The back surface 
18 has a part-spherical profile having a radius of curva- 
ture rO (base curve) whbh approximates the cun/ature 
of the cornea of the eye on which the lens 10 is worn. 
In the outer peripheral portion of the back surface 18 of 
the lens 10, there is provided, as needed, a beveled por- 
tion with a larger radius of curvature. 
[0034] The presbyopia correction contact lens 1 0 has 
a front surface 20 consisting of a convex surface in the 
near vision correction region 1 2, which surface provides 
a refractive power that gives an effective near vision cor- 
rectk)n power, and a convex surface in the distant vision 
correction region 14, which surface provides a refractive 
power that gives an effective distant vision correction 
power. The center of the front surface 20 is offset from 
that of the back surface 18 in a downward direction of 
the lens 10, which direction is opposite to the offset di- 
rection of the optical center axis O from the geometrical 
center axis P of the lens 10, so that the contact lens 10 
has a prism ballast structure wherein the gravity center 
of the tens 10 is located at a relatively lower portion 
thereof. Further, the outer peripheral portion of the front 
surface 20 has a reduced thickness and functions as a 
slab-off area. 

[0035] In the present presbyopia correction contact 
lens 10, the near vision correction region 12 and the dis- 
tant vision correction region 14 have respective different 
spherical optical powers, and respective different astig- 
matic corrective optical powers, namely, respective dif- 
ferent cylindrical optical powers and cylindrical axis ori- 
entations. In the present embodiment, the spherical op- 
tical powers and the astigmatic corrective optical pow- 
ers of the near and distant vision correction regions 12, 
1 4 are established by forming the front surface 20 of the 
lens 10 into a predetemnined configuratk>n. 
[0036] Described in detail, in determining the config- 
uration of the front surface 20, the refractive index of the 
patient's or lens wearer's eye is initially measured. As 
the refractive Index, there are measured at least de- 
grees of the spherical ametropia (myopia and hyper- 
opia) and the astigmatism. In particular, the astigmatic 



degree and the astigmatic axis of the patient's eye are 
measured in each of the near-viewing condition and the 
distant-viewing condition. The configuration of the con- 
vex surface In the near vision correction region 12, 
which surface partially constitutes the front surface 20 
of the lens 10, is arranged by determining 1) the cylin- 
drical axis orientation of the convex surface in the near 
vision correction region 12, namely, an inclination angle 
a (Fig. 2.) of a vertical meridian 22 of the convex surface 
with respect to a vertical line V of the lens 10 passing 
the geometrical center P of the lens 10, and 2) the cy- 
lindrical optical power and the radius of cun/ature rl on 
one of two mutually perpendicular principal meridians of 
the convex surface in the near vision correction region 
1 2 (e.g., on the vertical meridian 22 In this embodiment), 
while taking account of the measured spherical myopia 
and the astigmatk^ degree and axis measured in the 
near-viewing condition. The thus formed convex surface 
in the near vision correction region 12 provides not only 
the spherical optical power effective to correct the pa- 
tient's near-sightedness, but also the cylindrical optical 
power effective to correct the astigmatism in the near- 
viewing condition. 

[0037] The configuration of the convex surface in the 
distant vision correction region 14, which convex sur- 
face cooperates with the above-described convex sur- 
face in the near vision correction region 1 2 to constitute 
a substantive portion of the front surface 20 of the lens 
1 0, is arranged by determining 1 ) the cylindrical axis ori- 
entation of the convex surface, namely, an inclinatbn 
angle p of a vertical meridian 24 of the convex surface 
in the distant vision correction region 14 with respect to 
the vertical line V of the lens 10, and 2) the cylindrical 
optical power and the radius of cun/ature r2 on one of 
two principal meridians of the convex surface in the dis- 
tant vision correction region 1 4 (e.g., on the vertical me- 
ridian 24 in this embodiment), while taking account of 
the measured spherical hyperopia and the astigmatic 
degree and axis measured in the distant-viewing condi- 
tion. The thus formed convex surface in the distant vi- 
sion correction region 14 provides not only the spherical 
optical power effective to correct the patient's far-sight- 
edness, but also the cylindrical optical power effective 
to correct the astigmatism in the distant-viewing condi- 
tion. 

[0038] In the presbyopia correction contact lens 10 
constructed as described above, at least one of the cy- 
lindrical axis orientation and the cylindrical optical power 
of the near vision correction region 12 is different from 
the corresponding at least one of the cylindrical optical 
power and the cylindrical axis orientation of the distant 
vision correction region 14, depending upon the differ- 
ent astigmatic conditions of the eye In the near-viewing 
condition and the distant-viewing condition. According 
to this arrangement, the astigmatic condition of the eye 
which is experienced specifically in the near-viewing 
condition Is effectively corrected owing to the astigmatic 
corrective optical power provided by the near vision cor- 
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rectlon region 12 which Is formed as described above 
and which provides also the effective near vision correc- 
tive power. On the other hand, the astigmatic condition 
of the eye which is experienced specifically In the dis- 
tant-viewing condition is effectively corrected owing to 
the astigmatic corrective optical power provided by the 
distant visbn correction region 14 which is formed as 
described above and which provides aiso the effective 
distant vision correction power. 
[0039] Referring next to Fig. 4, there is shown a toric 
multifocal lens in the form of a translating vision type, 
presbyopia correction contact lens 26 constructed ac- 
cording to a second embodiment of the present inven- 
tion. Fig. 4 is a perspective front view of the contact lens 
26 showing its front surface, while Figs. 5 and 6 are a 
plan view and a cross sectional view of the contact lens 
26, respectively. The presbyopia correction contact lens 
26 of the present embodiment consists of a substantially 
circular distant vision correction region 28 having a di- 
ameter d (Fig. 5) and formed at a central portion of the 
lens 26, and a near vision correction region 30 surround- 
ing the distant vision correction region 28. The near and 
distant vision correction regions 28, 30 cooperate with 
each other to constitute an optical zone which exhibits 
an intended vision correction performance. As shown in 
Fig. 5, the distant and near vision correction regions 28, 
30 have a common optical center axis O which is offset 
from a geometrical center axis P of the lens 26, which 
is a center of a circle defined by the periphery of the lens 
26. The optical center axis O is offset from the geomet- 
rical center axis P in an upward direction as seen in Fig. 
5 by a predetermined distance E'. This offset distance 
E' is suitably determined as needed by taking account 
of the position of the center of the pupil of the lens wear- 
er's eye. The optical center axis O may be offset from 
the geometrical center axis P also in a horizontal or lat- 
eral direction of the lens 26, for example, toward the 
nose of the wearer when the lens 26 is worn on the eye. 
[0040] In the thus formed translating vision type pres- 
byopia correction contact lens 26. the optical portions of 
the distant vision correction region 28 and the near vi- 
sion correction region 30 are selectively and alternative- 
ly used in observing the desired object, depending upon 
the relative positional relationship between the vision 
correction regions 28, 30 of the lens 26 and the center 
of the pupil of the lens wearer's eye, in accordance with 
a shift of the visual axis of the lens wearer In other 
words, the distant and near vision correction regions 28, 
30 are selectively used depending upon the shift of the 
visual axis (line of view) of the lens wearer, so that the 
objects at the distant and near distances can be clearly 
obsen^ed through the distant and near vision correction 
regions 28, 30, respectively The presbyopia correction 
contact lens 26 of this embodiment has a truncated 
structure, wherein the lower bottom portion of the lens 
26 is removed in a direction perpendicular to the axis of 
the lens 26, to thereby provide a truncated flat bottom 
portion 36 which functions as rotation preventive means 



for preventing the lens 26 from rotating in its circumfer- 
ential direction on the cornea of the eye while the lens 
Is placed thereon. 

[0041] As shown in Fig. 6, the presbyopia correction 
s contact lens 26 of this second embodiment has a back 
surface 32 having a suitable radius of curvature rO (base 
curve), like the presbyopia correction contact lens 10 In 
the preceding first embodiment. The contact lens 26 has 
a front surface 34 with a convex profile which provide 
10 two different refractive powers that give effective near 
vision and distant vision corrective powers, respectively 

[0042] In the presbyopia correction contact lens 26 of 
this second embodiment, too, not only the spherical op- 

75 ticat power but also the cylindrical optical power and the 
cylindrteal axis orientation are made different in the dis- 
tant and near vision correction regions 28, 30, by form- 
ing the front surface 34 into a predetermined configura- 
tion, whereby the lens 26 exhibits vision correction ef- 

20 fects In both of the distant-viewing and near-viewing 
conditions. More specifically described, for both of the 
distant and near vision correction regions 28, 30, there 
are determined 1 ) the cylindrical axis orientations of the 
front surface 34. namely, an inclination angle a* of a.ver- 

25 tical meridian 38 of the front surface 34 in the distant 
vision correction region 28 with respect to a vertical line 
V of the lens 26 passing the geometric center P of the 
lens 26, and an inclination angle P' of a vertical meridian 
40 of the front surface 34 in the near vision con-ection 

30 region 30 with respect to the vertical line V, and 2) the 
cylindrical optical powers and the radii of cun^ature rV, 
r2' on one of two mutually perpendicular principal me- 
ridians of the front surface 34 in the distant and near 
vision correction regions, respectively (e.g., on the ver- 

35 tical meridian 38 In the distant vision correction region 
28 and on the vertical meridian 40 in the near vision cor- 
rection region 30 In this embodiment). The determina- 
tion of the spherical optical power and the astigmatism 
corrective optical power in each of the distant and near 

40 vision correction regions 28, 30 is effected in a manner 
similar to that in the above first embodiment, by taking 
account of the spherical ametropia values and the as- 
tigmatic degrees and axes measured in the near-view- 
ing conditions and distant-viewing conditions, respec- 

45 lively. 

[0043] In the presbyopia correction contact lens 26 
constructed as described above, at least one of the cy- 
lindrical axis orientation and the cylindrical optical power 
of the distant vision correction region 28 is made differ- 

50 ent from the corresponding at least one of the cylindrical 
optteal power and the cylindrical axis orientation of the 
near vision correction region 30, depending upon the dif- 
ferent astigmatic conditions of the eye in the distant- 
viewing condition and the near-viewing condition. The 

55 thus formed presbyopia correction contact lens 26 ex- 
hibits effective astigmatic correction capability that 
deals with various astigmatic conditions of the individual 
lens wearers, to thereby assure improved vision correc- 
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tion effects with high stability as in the contact lens 10 
of the above first embodiment. 
[0044] The presbyopia correction contact lenses 10, 
26 of the first and second embodiments may be pro- 
duced by molding, using a suitable mold assembly. Al- 
ternatively, the lenses 1 0, 26 may be produced by a cut- 
ting operation using a cutting apparatus as shown in 
Figs. 7 and 8. 

[0045] The cutting apparatus shown in Figs, 7 and 8 
includes a lens blank holder in the form of a headstock 
44 and a tool feeding device 46, which are opposed to 
each other on a bed 42. The headstock 44 has a main 
spindle 48 to which a lens blank 50 is fixed by a chuck. 
The main spindle 48 is driven by an electric motor, for 
instance, to rotate the lens blank 50 about an axis L of 
rotation. The tool feeding device 46 includes a tool post 
54 on which a cutting tool 52 having a hard tip at its end 
Is fixed, and a support base 56 on which the tool post 
54 is movably supported such that the cutting tool 52 is 
opposed to the lens blank 50 held on the headstock 44. 
The cutting apparatus further includes a numerical con- 
trol device 58 for controlling the electric motor for driving 
the main spindle 48, and the movements of the tool post 
54, namely, movements of the cutting tool 52, in a hor- 
izontal plane (Fig. 8) along mutually perpendicular X and 
Yaxes. 

[0046] As schematically shown in Fig. 9, the cutting 
tool 52 held by the tool feeding device 46 is brought Into 
contact with a surface of the lens blank 50, whfch sur- 
face is to be formed into a desired front surface of the 
intended lens, while the lens blank 50 is rotated about 
its rotation axis L by the main spindle 48. In this state, 
the control device 58 controls the movements of the tool 
post 54 along the X and Y axes to feed the cutting tool 
52 along a circular arc having a radius of curvature r, in 
the horizontal plane Including the rotation axis L, so that 
a central part A of the front surface of the lens blank 50 
is cut by the cutting tool 52. This circular arc has a center 
on an arc center axis Q which lies on and is orthogonal 
to the rotation axis L of the lens blank. As a result, a 
part-spherical surface 60 with a radius of cun^ature r is 
formed in the central part A of the lens blank 50, as in- 
dicated in Fig. 9. 

[0047] When the point of contact of the cutting edge 
of the tool 52 with the front surface of the lens blank 50 
has been moved to the periphery of the central part A 
(part-spherical surface 60), the movements of the tool 
52 along the X and Y axes are controlled so that an an- 
nular part B of the front surface of the lens blank 50 is 
cut by the toll 52 along a circular arc having a radius of 
curvature r' which is larger than the radius of curvature 
r. This circular arc has a center on an arc center axis Q' 
which lies on the rotation axis L and which is distant from 
the arc center axis Q. The radius of curvature r' is de- 
termined depending upon the Y-axis dimension of the 
central part A or an angle 6 between the rotation axis L 
and a straight line which passes the axis Q and the point 
of contact of the cutting edge of the tool 52 with the lens 



blank 50 when the cutting of the central part A is com- 
pleted. As a result, an annular part-spherical surface 61 
with a radius of curvature f Is formed in the annular part 
B. as also indicated in Fig. 9. Thus, the surfaces 60 and 

s 61 have different radii of cun/ature r, r*. Taking the pres- 
byopia correction contact lens 10 of the first embodi- 
ment, for example, the surfaces 60 and 61 respectively 
provide the near vision correction region 1 2 and the dis- 
tant vision correction region 14 which are coaxially 

10 formed in the respective parts A and B of the front sur- 
face of the lens blank 50. 

[0048] In producing the presbyopia correction contact 
lens 10, 26 according to the present invention, the opti- 
cal center axis O of the lens can be offset from the ge- 

^5 ometrical center axis P of the lens by cutting the lens 
blank 50 using a jig 62 as shown in Fig. 10. Namely, the 
geometrical center axis P of the lens blank 50 is auto- 
matically offset from the rotation axis L of the main spin- 
dle 48 by a suitable distance E. E* when the lens blank 

20 50 is attached to the jig 62. 

[0049] In addition, the headstock 44 employs a lens 
blank reciprocating mechanism for reciprocating the 
lens blank 50 in a direction perpendicular to the rotation 
axis L during rotation of the lens blank 50 about the axis 

2S L. such that the optical center axis O of the lens to be 
obtained is reciprocated in the above-indicated direction 
by a suitable eccentricity distance e at an angular inter- 
val of 90'' about the axis L of rotation of the lens blank 
50. so that the lens blank 50 has the optical center axis 

30 o* (Fig. 1 2) when the lens blank is moved relative to the 
rotation axis L in the above-indicated direction by the 
eccentricity distance e. Such a reciprocating mecha- 
nism is disclosed in JP-A-6-226611 (US Patent No. 
5,497,683 owned by the assignee of the present inven- 
ts tion), for instance. The mechanism comprises (a) a 
chuck member for holding the lens blank and having a 
chuck member axis; (b) a guide member having a circu- 
lar guide hole provided outside of the chuck member; 
(c) a chuck support member provided in the circular 

40 guide hole of the guide member, the chuck support 
member being rotatable about a rotation major axis and 
displaceable on a displacement line orthogonal to the 
rotation major axis, such that the chuck member axis is 
displaced on the displacement line during rotation of the 

^5 chuck support member relative to the guide member, the 
chuck support member including guiding end portbns 
which move along and are guided by contact with an 
inner peripheral face of the guide hole during rotation of 
the chuck support member, and wherein the rotation 

so major axis is eccentric to a center axis of the circular 
guide hole such that during rotation of the chuck support 
member the chuck member rotates and the chuck mem- 
ber axis moves along the displacement line; and (d) a 
control mechanism for controlling a distance of eccen- 

55 tricity between the center axis of the guide hole of the 
guide member and the rotation major axis by moving the 
guide member relative to the rotation major axis in a di- 
rection orthogonal to the rotation major axis. 
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[0050] The lens blankSO is reciprocated by the above- 
described reciprocating mechanism such that the opti- 
cal center axis O of the lens blank 50 Is reciprocatingly 
moved relative to the rotation axis L by the eccentricity 
distance e at the angular interval of 90° about the rota- 
tion axis L of the lens blank 50. According to this ar- 
rangement, a locus M of the contact point of the cutting 
edge of the tool 52 with the surfaces 60. 61 during rota- 
tion of the lens blank 50 Is an ellipse as shown in Fig. 
11, wherein a minor dimension on a minor axis a-a of 
the ellipse corresponding to the reciprocating direction 
of the lens blank 50 Is smaller by an amount correspond- 
ing to the above-indicated eccentricity distance e than 
a major dimension on a major axis b-b of the ellipse. 
Therefore, when the cutting tool 52 is moved for effect- 
ing the cutting operation on the front surface of the tens 
blank 50 such that the cutting tool 52 moves along the 
circular arc having the radius of cun/ature r, the cut sur- 
face of the lens blank 50 has an arc 64 with the radius 
r on the minor axis a-a, as indicated in Figs. 1 2 and 1 3, 
while on the other hand, the cut surface of the lens blank 
50 has an arc 66 with a radius r" on the major axis b-b, 
as also indicated in Figs. 1 2 and 1 3. The radius r' of the 
arc 66 is larger than the radius r of the arc 64 by an 
amount corresponding to the eccentricity distance e of 
the reciprocating movement of the lens blank 60 relative 
to the rotation axis L. 

[0051] The lens surfaces 60, 61 formed by using the 
present cutting apparatus as described above provide 
a toric surface which has two mutually perpendicular 
principal meridians, one of which extends along the 
above-indicated minor axis a-a and the other of which 
extends along the major axis b-b, so that the obtained 
toric surface 60, 61 has the intended cylindrical axis ori- 
entation. Further, the toric lens surface 60, 61 formed 
as described above has the cylindrical optical power 
corresponding to the above-indicated eccentricity dis- 
tance e of the reciprocating movement of the lens blank 
50 relative to the rotation axis L. 
[0052] Further, the above-Indicated central part- 
spherical surface 60 and annular part-spherical surface 
61 having different radii r, r' are formed in the respective 
central and annular parts A, B of the front surface of the 
lens blank, as Indicated in Fig. 9, by controlling distance 
of eccentricity between the center axis of the guide hole 
of the guide member and the rotation major axis of the 
chuck support member, in the above-indicated recipro- 
cating mechanism, by moving the guide member rela- 
tive to the rotation major axis in the direction orthogonal 
to the rotation major axis. That is, the surfaces 60, 61 
are given the respective different radii r, r' by moving the 
cutting edge of the tool 52 first along the arc which has 
the center on the arc center axis Q lying on the rotation 
axis L, and then along the arc which has the center on 
the arc center axis Q' which also lies on the rotation axis 
L and which is spaced from the axis Q In a direction away 
from the front surface of the lens blank 50. According to 
this arrangement, the cylindrical optical powers which 



are different from each other are respectively provided 
in the plurality of parts or regions A and B (Fig. 9) having 
the respective different radii r, r' of curvature, namely, In 
the near vision correction region 12 and the distant vi- 
5 slon correction region 14 of the presbyopia correction 
contact lens 10 of the above-described first embodi- 
ment, for instance. 

[0053] By the cutting operation on the lens blank 50 
for forming one of the opposite surfaces of the lens to 
10 be obtained (e.g., the convex front surfaces 20, 34 of 
the contact lenses 10. 26 in the above first and second 
embodiments) by using the present cutting apparatus 
constructed as described above, both of the spherical 
optical power and the cylindrical optical power can be 
15 made different In the different vision correction regions 
simultaneously by the single cutting operation. Thus, the 
intended lens surface can be easily formed by the cut- 
ting operation. The other surface of the lens (e.g., the 
concave back surfaces 18, 32, of the contact lenses 10, 
26 in the above first and second embodiments) has a 
simple part-spherical profile following the profile of the 
cornea, assuring easy manufacture of the contact lens 
as well as improved wearing comfort as felt by the lens 
user. 

[0054] There has been explained one example of cut- 
ting apparatus for performing the cutting operation on 
the lens blank surface for providing the plurality of vision 
correction regions having the respective different cylin- 
drical optical powers. A modified cutting apparatus may 
be used to form the lens surface having the plurality of 
vision correction regions which also have the respective 
different cylindrical axis orientations, provided the cut- 
ting apparatus is adapted such that a cutting tool op- 
posed to a workpiece (lens blank) clamped by a chuck 
of the main spindle is movable about an axis perpendic- 
ular to the rotation axis of the workpiece. For instance, 
such a modified cutting apparatus may include: (I) a 
mechanism for establishing a relative position of the cut- 
ting tool and the rotatbn axis of the workpiece such that 
the cutting tool is eccentrically offset from the rotation 
axis at an angular interval of 90* about the axis of the 
main spindle, to thereby form the intended toric surface 
with the desired cylindrical optical power; (II) a mecha- 
nism for moving the cutting tool in the direction parallel 
to the rotation axis of the workpiece, relative to the work- 
piece, so as to change the radius of the circular arc taken 
by the cutting edge of the cutting tool, to thereby form 
the intended multifocal lens surface (including bifocal 
surface); (111) a mechanism for positioning the workpiece 
relative to the main spindle in the circumferential direc- 
tion of the workpiece, to obtain the intended optical axis 
orientation; and (IV) a mechanism for simultaneously 
controlling the operations by the mechanisms {l)-(lll) in 
accordance with the movements of the cutting tool rel- 
ative to the workpiece. The thus constructed cutting ap- 
paratus permits production of a toric multifocal lens hav- 
ing the desired astigmatism corrective optical powers 
and presbyopia corrective optical powers which are dif- 
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ferent in the vision correction regions. 
[0055] While the present Invention has been de- 
scribed In detail In Its presently preferred embodiments, 
it Is to be understood that the invention Is not limited to 
the details of the illustrated embodiments, but may be 
otherwise embodied with various changes, Improve- 
ments and modifications, which may occur to those 
skilled in the art, without departing from the scope of the 
Invention defined in the attached claims. 



Claims 

1. A toric multifocal lens (10, 26) including a plurality 
of vision correction regions (12, 14, 28, 30) having 
centers on a common optical center axis, said plu- 
rality of vision correction regions providing respec- 
tive different values of a spherical optical power, 
each of said plurality of vision correction regions 
having an optical power for correction of astigma- 
tism, wherein the improvement comprises: 

at least one of a cylindrical optical power and 
a cylindrical axis orientation which determine said 
optical power for correction of astigmatism being 
different in at least two different vision correction re- 
gions of said plurality of vision con-ection regions, 
so that said at least two different vision correction 
regions have respective different values of said op- 
tical power for correction of astigmatism. 

2. A toric multifocal lens according to claim 1 , Including 
positional stabilization means (16, 36) for maintain- 
ing a predetermined circumferential orientation of 
said lens on a cornea of a wearer's eye. 

3. A toric multifocal lens according to claim 1 or 2, 
wherein an optical portion of one (18, 32) of oppo- 
site surfaces of said lens has a part -spherical con- 
cave profile following that of said cornea, while an 
optical portion of the other surface (20, 34) has an 
aspherical convex profile which gives said respec- 
tive different values of said spherical optical power 
In said plurality of vision correction regbns and said 
different values of said optical power for correction 
of astigmatism in said at least two different vision 
correction regions. 

4. A toric multifocal lens according to claim 1 or 2, in- 
cluding toric portions provided on respective oppo- 
site surfaces thereof and cooperating with each oth- 
er to provide said respective different values of said 
optical power for correction of astigmatism In said 
at least two different vision correction regions of 
said plurality of vision correction regions. 

5. A method of producing a toric multifocal lens as de- 
fined in any one of claims 1-4. by moving a cutting 
tool (52) to effect a cutting operation on a surface 



of a lens blank (50) while said tens blank is rotated 
about an axis (L) of rotation thereof, such that said 
cutting tool is moved about an arc center axis (Q, 
Q') which is perpendicular to said axis of rotation of 
s said lens blank, so that said cutting tool Is moved in 
a plane (X-Y) perpendicular to said arc center axis, 
along a circular arc (60, 61 ) having a center on said 
arc center axis (Q, Q'), said method comprising: 

10 moving said lens blank such that an optical 

center axis (O, O') of said lens blank being re- 
ciprocatingly moved in an offset direction rela- 
tive to said axis (L) of rotation of said lens blank 
by a predetermined offset distance (e) at an an- 

15 gular Inten/al of 90"" about said axis of rotation 

while said lens blank Is rotated about said axis 
of rotation; 

moving said cutting tool (52) along at least two 
circular arcs (60, 61) in said plane; and 

20 determining at least one of said offset distance 

and said offset direction of said lens blank, and 
a radius (r, r') of each of said at least two circular 
arcs (60, 61), depending upon an angle (0. &) 
of rotation of said cutting tool in said plane (X- 

25 Y) about said arc center axis (Q, Q'). 

6. A cutting apparatus for producing a toric multifocal 
lens as defined in any one of claims 1 -4, said appa- 
ratus comprising: 

30 

a lens blank holder (44) for rotatably holding a 
lens blank (50) about an axis (L) of rotation 
thereof, such that an optical center axis (O, O') 
of said lens blank Is reciprocatingly movable in 

3S an offset direction relative to said axis of rota- 

tion of said lens blank by a predetermined offset 
distance (e) at an angular interval of 90° about 
said axis of rotation while said lens blank is ro- 
tated about said axis of rotation; 

40 a cutting tool feeding device (46, 54) for holding 

a cutting tool (52) for effecting a cutting opera- 
tion on a surface of said lens blank while saki 
lens blank Is rotated by said lens blank holder 
about said axis of rotation thereof, said cutting 

45 tool feeding device holding said cutting tool 

such that said cutting tool Is movable about at 
least two arc center axes (Q, Q') perpendicular 
to said axis of rotation of said lens blank, in a 
plane (X-Y) perpendicular to said arc center ax- 

50 es, along respective at least two circular arcs 

(60, 61 ) having centers on said at least two arc 
center axes, respectively; and 
a control device (58) for controlling at least one 
of said offset distance and said offset direction 

55 of said lens blank, and a radius (r, r') of each of 

said at least two circular arcs (60. 61 ), depend- 
ing upon an angle of rotation of said cutting tool 
in said plane (X-Y) about said arc center axes. 
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A method of determining an optical power tor cor- 
rection of astigmatism in a toric multifocal lens as 
defined In any one of claims 1-4, including a near 
vision correction region (1 2, 30) and a distant vision 
correction region (14, 28). said optical power for s 
correction of astigmatism being determined by a 
combination of a cylindrical optical power and a cy- 
lindrical axis orientation, said method comprising: 
determining said cylindrical optical power and 
said cylindrical axis orientation in said near vision io 
correction region, based on astigmatic data on an 
eye of a wearer of said toric multifocal lens meas- 
ured during viewing of near objects, and determin- 
ing said cylindrical optical power and said cylindrical 
axis orientation in said distant vision correction re- 
gion, based on astigmatic data on said eye meas- 
ured during viewing of distant objects. 
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(ON VERTICAL MERIDIAN IN NEAR VISION 
r2 CORRECTION REGION) 

rl (ON VERTICAL MERIDIAN IN DISTANT VISION 
CORRECTION REGION) 
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